Abstract
Introduction

32
The wilting point ( pwp) is the soil moisture below which transpiration process tends to inhibit.
33
It is usually estimated as the moisture content at a soil matric potential of -1500 kPa (Hillel, 34 1971). It is one of the important parameters for design and analysis of crop performance 35 especially under drought conditions [1] [2] [3] . Understanding of pwp is one of the essential input 36 functions, which is often used in interpretation of behavior of crop water consumption [4] [5] [6] . at inflection point), clay content (C) and organic content (OM) [10] [11] . This is because any 46 changes in these soil properties could alter the soil-water relations and hence behavior of plant at wilting point (soil moisture) [12] [13] . assumptions. This approach however, may not be able to take into account the interaction 53 effects of parameters such as Ds, S index, C and OM on pwp, in the model. Alternatively, the 54 intelligent data-driven methods such as genetic programming (GP), artificial neural network, support vector regression have achieved tremendous popularity [16] [17] [18] [19] in developing the 56 models in uncertain process behavior. These methods takes in the data of the input-output 57 form and produces a model that predicts the output reasonably well.
59
Among these methods, the GP algorithm produces the explicit models that represents a 60 function between the output and inputs of the process [20, 21] . Therefore, it would be 61 interesting to explore the competency of the GP algorithm in modelling wilting point ( pwp) 62 of the soil. In this study, the GP approach is proposed to formulate the relationship between 
Design of Genetic programming based wilting point model (GP_W)
112
This manuscript introduces evolutionary framework of Genetic programming (GP) (Fig. 3 ).
113
The mechanism of GP is in very much line with GA except for the fact the solutions in GP 114 are entire model structure whereas in GA the solutions are coefficients of the model. The error and punishes the objective value. In this way, the local convergence is avoided.
131
The objective function SRM used is as follows:
where g is number of nodes of the model during evolutionary stages of GP, SSE is 134 the sum of square of error of the generated model on the training data and N is the 135 number of training samples. 6. Genetic operations such as subtree crossover, subtree mutation and reproduction with 142 probability of 85%, 10% and 5% are applied to produce new population.
143
67Step 3 is again checked and if it satisfies the stopping threshold criterion, the best-fit 144 model will be chosen according to the minimum training error. If it is not satisfied, then 145 the subsequent steps from Step 4 are implemented.
146
The effective implementation of GP algorithm depends highly on the settings of the key Further, the sensitivity analysis (Fig. 9) measuring the amount of impact of inputs on the 253 wilting point is conducted on the wilting point model. This is done by finding the maximum 254 and minimum from 2-D plots (Fig. 8a ) and the number of peaks from 3-D plots (Fig. 8b) . It is 
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